We report a case of human infection caused by the hyphomycete Myceliophthora thermophia. A 7-year-old male with neurofibromatosis (type 1) was diagnosed in 1987 with acute myeloblastic leukemia associated with the chromosomal abnormality monosomy 7. The patient experienced multiple serious infections over a three-year period before expiring in 1990 while in the end stage of leukemia. Autopsy findings included fungal vegetations of the left atrium, ascending aorta, and pulmonary arteries and fungal invasion of both lungs.
was also treated for various lengths of time for Candida esophagitis, herpes simplex stomatitis, hepatosplenic fungal (yeast) abscesses, and chronic Epstein-Barr virus infection marked by steadily rising Epstein-Barr virus immunoglobulin G titers.
The patient received several courses of chemotherapy during multiple hospital visits. Except for one period of remission, he was profoundly neutropenic for extended periods of time. In the month prior to his death, he remained febrile despite being treated with broad-spectrum antibiotics. The repeatedly negative bacterial cultures obtained while he was receiving multiple broad-spectrum antibiotics heightened a clinical suspicion of disseminated fungal infection. However, all fungal cultures during this month were negative. Fungal cultures included Isolator blood cultures (incubated for 4 weeks at 30°C) for each of the last 23 days of his life, a 200-ml pericardial infusion collected 1 week before his death, and two tracheal aspirate cultures.
Amphotericin B was administered for 14 Frequent chest X rays revealed no pulmonary abnormalities until three days prior to his death, at which time a bilateral pleural effusion was noted. Several echocardiograms during the same period showed no evidence of cardiac vegetations.
At autopsy, vegetations were noted in the left atrium, ascending aorta, main pulmonary artery, and both right and left pulmonary arteries. The right pulmonary artery was 80 to 90% obstructed by a fungal lesion. There was fungal invasion of both lungs, with infarction of the right middle lobe and left lower lobe secondary to obstruction of the arterial supply to these areas by fungi and accompanying fibrin thrombi. There was also a fibrinous, fungal exudate covering both the pericardium and the pleura of both lungs.
Laboratory studies. Results and discussion. Colonies on PFA were initially white and cottony and later pale brown (6) and powdery, without a well-defined margin (Fig. 1) . The 6 .0 p~m in width) were wider than aerial hyphae (0.8 to 3.0 ptm). Blastoconidia were borne terminally or laterally on the hyphae, sometimes with short or long pedicels and occasionally with a secondary blastoconidium being produced from the distal end of the first (Fig. 2) . One to four blastoconidia were borne on one hyphal cell or ampulliform swelling. Conidia were obovoid to pyriform, 4.5 to 11.0 by 3.0 to 4.5 ptm in size, hyaline, smooth, and thick walled, and became rough-walled at maturity (Fig. 3) . The This stain may be utilized to detect melanin in the cell walls of fungi, as demonstrated by the brown to black staining of the fungal elements. Microscopic examination of all lesions examined showed fungal hyphae. In some areas, the fungi invaded through the thickness of the pulmonary arteries.
In vitro antifungal susceptibility testing data are displayed in Table 1 lethal concentration readings for the azoles. These agents, which are fungistatic rather than fungicidal, frequently have low MICs but high minimum lethal concentrations.
This case is representative of the diagnostic dilemma faced by clinicians treating patients with prolonged neutropenia. Although a fungal infection was suspected in the weeks preceding the patient's death, there were no positive laboratory test results to support this diagnosis. Fungal cultures of blood drawn on each of 23 days prior to the patient's death were negative. Neither radiological chest films nor echocardiography results were suggestive of fungal infection. Increasingly, postmortem examination of individuals with se-..~~~v ere immunodeficiencies reveals the presence of invasive mycotic disease caused by fungi that are rarely, if ever, encountered as agents of mycosis.
M. thermophila, as the species epithet implies, is a thermophilic fungus responsible for a disease of cultivated mushrooms and is encountered in silage, fresh alfalfa grass forage, hay, wheat straw compost, and wood pulp (14) . It has also been recovered from nonthermal areas such as dry pasture soil and birch chips (2) . We believe that this is the first published report associating this fungus with a fatal, disseminated infection. This further reinforces the pathogenic potential of infrequently seen saprobic fungi in patients with severe immune system abrogation.
The taxonomy and nomenclature for this organism have, over the years, been subject to several revisions. Because the hyphae lacked clamp connections (seen with fungi having basiomycetous affinities), the fungus was transferred from the genus Sporotrichum to Chrysosporium (12) . However, since Chrysosponum species have a maximum temperature for growth of 45°C rather than 48°C (9, 10) and produce arthroconidia, the organism was further transferred to the genus Myceliophthora. The ascomycetous teleomorph (or perfect state) for M. thermophila is Thielavia heterothallica Klopotek. It is described as a heterothallic, thermophilic fungus with spherical, black, nonostiolate cleistothecia containing ellipsoidal, evanescent asci. Asci contain eight onecelled ellipsoidal ascospores, deep brown to black, with one germ pore (11, 13) . Mating studies were not performed with our strain of M. thermophila.
While the literature refers to M. thermophila as having hyaline hyphae, and hyaline to brown blastoconidia (3, 4, 9, 14) , we were unable to document any prior attempts to determine whether the fungus contained melanin. As the fungus in tissue obtained from the lung mass was MassonFontana positive, indicating melanin in the cell walls, this finding appeared to be contradictory with the original descriptions. Thus, to resolve this discrepancy, we stained the laboratory isolate. As shown in Figure 5 , the M. thermophila isolate was also positive. Although we did not definitely identify the pigment produced by M. thermophila, we assume (pending further study) that it is some form of melanin.
Whether one equates melanin with dematiaceous or adheres to the broader definition meaning "pigmented more or less darkly-of mycelium, spores, etc." (4), this isolate would certainly meet the criteria for inclusion in this category and could thus be considered an agent of phaeohyphomycosis (1) . The susceptibility testing data presented here would indicate in vitro susceptibility to all antifungal agents except 5-fluorocytosine. In the case of new, rarely isolated (frequently plant associated) agents of human disease, in vitro data correlation with in vivo clinical efficacy awaits standardization of such testing and prospective correlative studies. It is noteworthy that the patient received 286 mg of amphotericin B over a 12-day period which ended approximately one week prior to his death. Clearly, the success of any antifungal agent is enhanced by neutrophil activity. The development of more effective granulocyte colony-stimulating factors may improve the prognosis of individuals such as this patient.
M. thermophila represents yet another agent of the myriad of saprobic, frequently opportunistic, members of the class Hyphomycetes causing mycotic disease in severely immunocompromised hosts. The thermophilic nature of this organism, combined with its propensity for the vascular system, underscores the virulent and aggressive potential of this newly recognized human pathogen.
